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Anthony, Senator, 550. 
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conditions for the reception of, 622, 709, 710, 711. 
“ Development of, for Naval Use,” 535, 621. 
sandwiched, 623, 624, 625. 
steel, 622, 625, 645, 646, 684, 707, 708, 709, 710, 711, 712, 713, 723, 725. 
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6, 537) 545) $47, 548, 550, 











ae tet Qn Os 











INDEX. 871 
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Watervliet, N. Y., 556, 850, 863, 864, 86s. 
Woolwich, 570, 579, 846. 
Artillery, condition of, England, 570, 660. 
France, 683, 731. 
Germany, 759, 773 
Russia, 780, 787. 
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Bender and Narjes, 771. 
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Bilboa, 768. 
Birkdale Sands, Southport, 643. 
Birmingham, Pa., 809, 811. 
Birnie, Lieutenant Rogers, U. S. A., 783. 
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Blisters, 614. 
Blockade-runners, 532. 
Blooming-mills, 801, 802, 805, 816, 817. 
Blowholes, steel cast without, 724, 730. 
Board, Heavy ordnance, 540, 542, 800. 
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Boxer, Colonel, 579. 
Bradford’s jigs, 809. 
Braisery, 705, 825. 
Brassoc, 695. 
Brazil, 634, 637, 642, 645. 
Breaking strain, 681, 726, 727, 728, 729, 742, 772, 758. 
Break joints, 786. 
Breech-block, 669, 749, 750. 
-closing, 666, 669. 
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-screw, 585, 593, 594, 836, 837, 838. 
Brest, 705. 
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Cammell, Charles & Company, 595, 602, 614, 615, 616, 617, 618, 619, 620, 621, 
622, 623, 684. 
Cammell hammer, 614. 
Cannon, breech-loading, 537. 
modern, fabrication of, 534. 
revolving, 633, 685, 732, 734) 730- 
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Carbon, influence of, 564, 603, 604. 
proportions of, 561, 564, 599, 610, 615, 649, 655, 658, 696, 725, 726, 729, 
730, 766, 767, 771, 772, 773- 
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Carr, 696. 
Carriages, gun, 541, 544, 548, 55° 595, 596, 597, 598, 599, 600, 601, 685, 696, 
705, 734» 737» 748, 767, 774, 788, 791, 793» 794» 795, 796, 850. 
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top, 726, 773. 
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777, 786, 787, 790, 792, 793, 822, 825, 836, 837. 
Chandler, Hon. Wm. E., 548, 549, 550, 861, 862. 
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Charcoal, 687, 786. 
Chase, Lieutenant Constantine, U. S. A., 602, 604, 626, 647, 691. 
Chatillon et Commentry, 684. 
Checks upon joint action, 689, 6go. 
Chilled projectiles, 622, 646, 647, 710, 711. 
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Chimneys, 696. 
China, 768, 779, 835. 
Chronographs, 779. 
Cinca, El, 706. 
Cincinnati Rolling Mill, 818 
Civil Engineers, Institution of English, 668, 672 
Society of American, 819. 
Cleveland Steel Works, 652, 653, 654, 656. 
stone, 658. 
Climate, 847, 865, 866. 
Coal, 696, 768, 782, 784, 807, 808, , Si 
anthracite, 696. 
mines, 693, 695, 765, 768, 800, 807, 808, 809, 813, $48. 
Coast guns, 767, 774, 793- 
Coating of soft metal, 574, 636, 793. 
Cogging-mill, 655, 656. 
Coil system, 546, 572, 574, 575, 576, 578, 582, 589, 591, 630, 632, 
662, 672, 742, 797, 821. 
Coiled steel, 662. 
Coiling lathe, 680. 
machine, 583, 589. 
Coke, 652, 656, 696, 773, 784, 807, 808, 848. 
ovens, 801, 807, 808. 
Cold Spring Foundry, 545, 797, 799. 
Cologne, 724. 
Colorado frigate, 532 
Colza oil, 693. 
Compagnie de Fives-Lille, 684, 752. 
des Fonderies et Forges de Terre Noire, La Voulte et Bességes, 


634, 660, 661, 


724. 
des Forges et Aciéries de St. Etienne, 684. 
Competition, 684. 
Compression, 732, 739, 819, 820 
fluid, 558, 632, 633, 634, 636, 637, 638, 639, 642. 
liquid, 558, 632, 633, 634, 636, 637, 638, 639, 642, 787, 831, 351 
858, 860. 
tests, 722. 
Whitworth, 557, 563, 569, 632, 633, 787 
Concussive strains, 575. 
Condie hammer, 806. 
Conemaugh, East, Pa., 802. 
river, Sor. 
Congress, action of 845, 851, 856. 
discussion in, 534, 535, 539 537 539) 53% 5435 544, 545, 546, 547, 550, 
2, 553, 854, 855, 856, 857, 858, 859, 860, 861, 862. 
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Construction Shops, 693, 705. 
Contraction, 698, 728. 
Contracts, 687, 690, 691, 709, 754, 781, 844, 845, 846, 849, 860, 862, 863. 
Converted rifles, 546, 797, 815, 821. 
Converter-bottoms, 654, 655, 656. 
Converters, basic, 656, 657, 658. 
Bessemer, 605, 647, 648, 649, 650, 652, 653, 654, 655, 656, 657, 658, 
659, 696, 773, 783, 784, 802, 803, 804. 
English, 647, 648, 649. 
Copper, 572, 664, 666, 674, 678, 680, 752, 793- 
Corliss engines, 816, 817. 
Couzon, 690. 
Cranes, 549, 556, 580, 582, 583, 585, 586, 587, 589, 591, 592, 593, 594, 614, 654, 
655, 656, 686, 689, 696, 697, 698, 699, 700, 701, 702, 704, 705, 708, 715, 
735» 799, 773, 785, 786, 803, 804, 806, 807, 814, 817, 818, 829, 830, 831, 
835, 836, 837, 838, 839. 
electric, 686, 
electric, cost of, 686. 
hydraulic, 580, 582, 583, 584, 585, 586, 587, 654, 689, 696, 804, 829, 830. 
hydraulic, movable, 582, 585. 
hydraulic, Ruelle 100-ton, 689. 
hydraulic, Spezia 160-ton, 580, 586, 5,. 
ladle, 654, 655, 803, S04. 
locomotive, 77 3. 
movable, 585, 689, 704, 705, 773, 806. 
portable, 704, 705, 806. 
portable, Schneider, 704, 705. 
steam, 591, 592, 654, 698, 699, 700, 701, 702, 704, 705, 708, 715, 769, 
773, 785, 803, 804, 806, 829, 839, 831, 835, 836, 837, 838, 839. 
steam, Creusot 160-ton, 698, 700, 701, 702. 
steam, Creusot 100-ton, 698, 700, 701, 702. 
steam, Sellers, 803, 804. 
travelling 583, 589, 654, 686, 701, 708, 715, 814, $29, 830, 831, 835, 836, 
837, 838, 839. 
travelling, 100-ton, 701. 
Creusot, Le, 592, 659, 684, 685, 689, 691, 693, 694, 695, 696, 697, 698, 699, 700, 
701, 702, 703, 704, 705, 706, 707, 708, 709, 711, 714, 715, 723s 725) 
732, 7606. 
hammers, 691, 695, 697, 698, 699, 700, 701, 702, 703, 704, 705, 708. 
steel, 562, 646, 647. 
works, 563. 
Crimean War, 694. 
Crispin, Colonel, U. S. A., 669, 680, 682, 732, 741, 745, 852. 
Crucibles, 604, 605, 725, 766, 767, 770, 783, 784, 785, 786, 787, 813. 
Crucible furnaces, 604, 767, 784, 785, 813, 814. 
steel, 602, 605, 626, 629, 630, 664, 691, 750, 766, 770, 784, 787, 813. 
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Crudas, 58o. 

Crushing machines, 696. 

Cupola furnaces, 583, 658, 773, 803, 816, 817 

Customs dues, 847, 852, 857, 859. 

Cyclops Steel and Iron Works, 614. 

Cylinder linings, 641, 725, 726. 

Dahlgren guns, 531, 538, 797, 815, 821- 

Dalmen, 768, 779. 

Danube, 706, 791. 

Dard, General, 735, 74°, 742, 747- 

Davenport, R. W., 567. 

De Bange, Colonel, 732, 740, 747, 748, 751. 
fermeture, 750, 751, 752, 793: 

advantages of, 752. 
disadvantages of, 752. 

gas-check, 669, 670, 748, 750, 751, 752- 
gun-construction, 732, 742, 743, 744, 747, 745. 

Decize, 695. 

Deflection, 728. 

De-phosphorizing process, 660. 

“Development of Armor for Naval Use,”’ 535, 621. 

steel plates, 547. 

Dinamode, 622. 

Dinas bricks, 782. 

Direct process, 653. 

“Direction of Material,’’ 735. 

Directors, Board of, 687. 

Dividing machines, 589, 594. 

Dolomite, 656, 809. 

Donkin, 580. 

Double-enders, 532. 

Dowlais, 654. 

Drilling machines, 589, 594, 836, 837, 838 

Ductility, 562, 633, 636, 642, 741, 784. 

Duisburg, 768. 

Dupuy, Mr., 567. 

Durability, 574, 575, $76. 

Dwellings, 706, 768, 769, 812, 848. 

Earthworks, 706. 

Economy, 575, 576. 

Ede, George, 592. 

Edgar Thomson Steel Works, 818. 

Education, 707, 812. 


Elastic limit, 543, = 563, 564, 604, 681, 715, 719, 720, 722, 727, 7355 7 
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Elasticity, co-efficient t of, 720. 
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Elba ores, 583. 
Elder, Major S. S., U. S. A., 553, 853. 
Electricity, 686, 695, 721, 812. 
Ellis, John D., 606, 607, 608, 609, 611, 613, 614, 621, 659. 
Elongation, 562, 563, 564, 681, 719, 720, 721, 722, 725, 726, 727, 728, 729, 741, 
747, 772, 788. 
curve of, 720, 722. 
Elswick, 543, 570 573, 576 578, 579, 580, 581, 582, 583, 584, 585, 586, 587, 588, 
595, 630, 645, 664, 670, 781, 843. 
cup, 670. 
gun-fabrication at, 584, 585. 
hammer, 582, 583. 
Elwell, Mr., 689. 
Emery testing-machine, 819, 820, 821. 
advantages of, 820. 
disadvantages of, 821. 
Employees, 706, 707, 766, 768, 769, 784, 802, 808, 811, 812, 813, 817, 348. 
Employment, guaranty of, 566, 567, 568, 576, 684, 816, 818, 849, 852, 863, 868. 
Endurance, 633, 735- 
Energies, 673, 710, 711, 737, 748. 
Enfield, 834, 235. 
“Engineer, London,” 626, 642, 698. 
“ Engineering, London,” 652, 782, 817. 
Engineers, Royal, 623. 
Engines, blowing, 696, 803, 804. 
marine, 694, 696, 705. 
pumping, 829, 830, 831. 
stationary, 696, 768, 784, 803, S05, 806, 807, 811, 312, 816, 817, 834. 
England, 570, 842, 846, 850, 854, 857. 
English Admiralty, 595, 622, 634, 636, 850. 
Equilibrium, equation of, 718. 
Erme, General, 796. 
Erosion, 643, 790. 
Essen, 543, 554, 574, 698, 759, 760, 761, 762, 763, 764, 765, 767, 768, 769, 779, 
777+ 7785 779; 780. 
Eston, 602, 652, 653, 654, 655, 656. 
“ European ordnance and manufacturers,” 682. 
Euverte, Mr., 724. 
Expansion, 698. 
Experience necessary for the manufacture of modern ordnance, 533, $47) 554 
569. 
Experiments, immense sums of money spent for, 551. 
Fabrication, 534, 584, 585, 591, 592, 593, 594, 684, 688, 705, 735, 760, 765, 77% 
783, 787, 793, 815, 822, 829, 833, 838, 839, 844, 847, 850, 853, 859 
&c- 861, 866, 868. 
in ussia,” 783. 
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Factories, gun, 537, 543, 545» 547, 549, 570, 576, 580, 588, 589, 594, 605, 660, 661, 
on 664, 670, 680, 681, 683, 684, 685, 723, 732, 740, 765, 782, 
838, 543, 844, 850, 351, 853, 856, 857, 858, 859, 860, 861, 363, 
$67, 868. 
steel, 633, 684, 765, 800. 
Fairburn, Kennedy and Naylor, 583. 
Fermeture, de Bange, 750, 751, 752, 793- 
French, 642, 661, 666, 669, 745, 747. 748, 749, 793, 822, 828. 
Krupp, 775; 777; 778, 793+ 
Fettling, 771, 772. 
Field guns, 731, 774, 782, 788. 
Financial ability, 845, 848, 849. 
Fingspong, 732 
Finishing, 782, 786, 868. 
lathes, 705. 
Finland, 784. 
Fire departments, 768, 784, 811, 812, 815. 
Firminy (Loire), 684. 
Firth, Thomas and Sons, 595, 602, 603, 604, 605, 750. 
hammer, 604. 
Fives-Lille (Nord), 684, 689, 752, 754, 756. 
Flouring-mills, 808, 811. 
Fluid compression, 558, 632, 633, 634, 636, 637, 638, 639, 642, 787, 831, 851, 858, 
860. 
Fluss-eisen, 771, 772. 
Fonderie de canons a Bourges, 685. 
Foot-ton, 622. 
Forge-neuve, 687. 
Forges, 580, 583, 604, 687, 691, 693, 694, 695, 697, 698, 701, 705, 706, 707, 806, 
814, 849, 868. 
Forging, 537, 549, 558, 560, 561, 562, 564, 583, 584, 604, 608, 610, 615, 617, 632, 
634, 637, 642, 644, 682, 690, 691, A 708, * »71 724, 731) 742, 
767, 769, 771, 784, 786, 787, 800, 815, 829, 830, 83 , 833, 844, 846, 
849, 851, 858, 859, 860, 861, 863, 868. 
apparatus, 552, 554, 558, 569, 867, 868. 
United States totally deficient in, 558, 560, 800, 818, 83 
846, 853, 859, 867. 
hydraulic, 558, 569, 632. 
press, 584, 639, 640, 641, 642, 829, 830, 831, 8 
hydraulic, 639, 640, 641, 642, 829, 830, i 833. 
Whitworth system, 563, 632, 637, 639, 640, 641, 642. 
superior to all others, 563, 637, 642, 787. 


oF) 


) 


Forgings, dimensions of, 591, 727. 
physical qualities of, 561, 563, 725, 735, 742, 804. 
Fortifications, helpless condition of, 534, 535. 


Fort Pitt Foundry, 545, 797. 
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Forts, granite, 622, 623, 624, 625. 
plated experiments on, 622, 623, 624, 625, 626. 
Fossano powder, 622. 
Foundations, 691, 699, 700, 702, 769, 783, 787, 805, 820, 839, 865, 867. 
Foundries, cast-iron gun, 539, 687, 694, 723- 
European, 555, 557, 589, 683, 723, 732. 
government, 540, 548, 549, 554, 55% 557, 558, 683, 781, 844, 858, 867, 
private, 556, 557, 693, 765, 779, 801, 802, 803, 829. 
France, 543, 633, 683, 842, 843, 844, 846, 850, 857, 858. 
Franco-German War, 683, 690. 
Frankford Arsenal, 556. 
Frankstown, Pa., 801, 502, 811. 
Frazer system, 662. 
Frettage, 739. 
Frettes, 605, 711, 713, 725) 726, 732) 735» 739 745 
Fribourg, viaduct of, 705. 
Frigates, 694. 
Furnaces, 556, 568, 583, 584, 589, 590, 591, 594, 602, 603, 604, 605, 606, 608, 613, 
617, 626, 627, 628, 629, 649, 652, 653, 654, 655, 657, 658, 659, 687, 
688, 690, 691, 692, 693, 694, 695, 696, 697, 698, 699, 701, 702, 703, 
708, 713, 715, 724, 725» 735, 766, 767, 768, 769, 770, 771, 772 7735 
782, 783, 784, 785, 800, 801, 802, 303, 804, 805, 810, 813, 814, 816, 
817, 818, 829, 830, 831, 848. 
blast, 583, 649, 652, 653, 654, 655, 657, 766, 768, 300, 801, 802, 803, 
810, 813. 
cementation, 602, 603, 604. 
converting, 606. 
crucible, 604, 767, 784, 785, 813, 814. 
cupola, 583, 658, 773, 803, 816, 817. 
heating, 584, 604, 613, 688, 693, 698, 699, 701, 702, 703, 708, 713 715; 
735, 769, 782, 783, 785, 805, 816, 817, 829, 830, 831, 848. 
open hearth, 568, 589, 590, 591, 605, 626, 627, 628, 629, 659, 696, 770, 
771, 772, Sot, 813, 814, 816, 817, 818. 
Pernot, 568, 691, 695, 696, 771, 772, 801, 804, 816, 817, 818. 
Price’s retort, 589, 590, 59I. 
puddling, 692, 697, 784, 801, 803, 816, 848. 
regenerative, 591, 617, 626, 628, 629, 701, 771. 
reverberatory, 608, 629, 649, 688, 697, 803. 
rotary, 568, 691, 692, 695, 696, 770, 771, 804, 816, 817. 
Siemens, 584, 591, 604, 617, 626, 627, 628, 629, 655, 659, 690, 691, 696, 
701, 715, 724, 725, 782, 783, 784, 785, 805, 814, 816, 817, 
829, 830, 831. 
smelting, 687, 693, 694, 695, 696. 
Gadaud, Captain, F. N., 777. 
Gadolin, 732. 
Galy-Cazalat manometer, 716, 717, 718, 719, 721, 722. 
adjustment of, 721, 722. 
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Ganister, 612, 615, 617, 647, 650, 652, 773. 
Gas, 696, 701, 707, 754. 
-checks, 636, 643, 669, 670, 748, 749, 750, 751, 752, 777, 778, 793 
de Bange, 669, 670, 748, 750, 751, 752- 
-lighting, 707. 
occluded, 650. 
-producers, 582, 591, 626, 627, 629, 773, 782, 804, 805, 813, 816, 817, 529, 
830, 831. 
-works, 784, 811. 
Gauges, 594, 792, 820. 
Gautier steel works, 808, $13. 
Gavre, 564, 683, 711, 754, 759, 758. 
Gearing, hand, 588. 
General Summary of Gun Foundry Board, 842. 
Generators, 701. 
Germany, 602, 654, 659, 759, 842, 846, 854, 857- 
Getty, Brig.-General, U. S. A., 540, 542. 
Gilchrist, Thomas and, 654, 660, 773. 
Gjers soaking-pits, 806. 
Glasgow, 606, 724. 
Goroblagodat, 784. 
Gorton, 653. 
Government aid, 539, 540, 542, 543, 546, 547, 556 559, 566, 568, 622, 706, 750, 
798, 843, 844, 847, 867. 
foundries, 554, 556, 557, 558, 570, 683, 685, 842, 849, 850. 
petronage, 533, 731, 765, 816, 856. 
reward for past services, 546, 547- 
Gramme-electric motor, 686. 
Granite forts, 622, 623, 624, 625. 
Gravity, center of, 822, 825. 
Greenwood and Batley, 605, 833, 834, 835, 836. 
Gregorini shell, 622. 
Grinding, 584, 585, 807. 
Gruner, 724. 
Gruson chilled iron shield, 646. 
Guaranty against loss, 576, 578, 845, 846, 851, 861. 
of employment, 566, 567, 568, 576, 684, 816, 818, 849, 852, 863, 868. 
Gunboats, 694. 
Gun-carriages, 541, 544, 548, 550, 595, 599, 597, 598, 599, 600, 601, 685, 696, 7o* 
734 737, 748, 767, 774, 788, 791, 793, 794, 795, 796, 850. 
hydraulic, 595, 596, 597, 598, 599, 600, 601, 682, 793, 796. 
Razkazoff, 793, 794, 795, 796. 
Vavasseur, 595, 596, 597, 598, 599, 600, 6or. 
-cotton in shells, 788. 
-factories, 537, 543» 545» 547+ 549, 57% 576, 580, 588, 589, 594, 605, 660, 661, 
662, 664, 670, 680, 681, 683, 684, 685, 723, 732, 740, 765, 782, 338, 
843, 844, 850, 851, 853, 856, 857, 858, 859, 860, 861, 863, 867, 868. 
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Gun-factories, Royal, 561, 570, 576, 580, 588, 589, 594, 605, 662, 664, 670, 68 





681, 843, 858. 


-factory plant, 798, 799, 329, 833, 836, 837, 838, 851, 852, 858, 859, 860, 861, 


862, 867, 868. 
cost of, 798, 799, 836, 837, 838, 851, 852, 857, 858, 859, 861, 
862, 867, 868. 


‘foundry Board, 545, 54, 547, 55% 552) 553: 554, 7', 760, 761, 762, 763, 


764, 765, 780, 798, 799, 842, 845, 846, 854, 855, 856, 858, 
859, 860, 861, 862, 867, 868. 
plant, 798, 799, 829, 830, 831, 832, 833, 851, 858, 867, 868. 
cost of, 829, 830, 831, 832, 833, 851, 858, 867, 868. 
making, necessary elements in, 533- 
system adopted by England, 535, 630, 662, 664, 666. 
France, 535. 
Germany, 535- 
-material, 622, 664, 690. 
accepted, 535, 543, 563, 576, 626, 629, 634, 642, 661, 664, 6g0, 740, 
742, 775) 793, 800, S21. 
purchase abroad, $22, 852. 
parts, weights of, 630, 680, 742, 745, 748, 755, 756, 766, 767, 774, 778, 785, 
787, 792, 793, 796, 822, 825, 830, 851. 

platforms, 706. 

-practice, 764 

-shields, 599, 600, 623, 646, 737, 763. 

-steel, cannot be provided in United States, 535, 539, 54°, 545, 553, 853. 
development of, 569, 626, 629, 642, 690, 695, 742, 745, 765, 770. 
manufacture of, 534, 536 545, 559, 567, 629, 633, 684, 690, 760, 764, 

770, 783, 797, 829, 838, 839, 847, 849, 850, 868. 
treatment of, 561, 562, 637. 
Armstrong original, 571, 572, 573) 575: 
3-pounder, §70, 571, $72, 573- 
5-pounder, 573. 
18-pounder, 573. 
40-pounder, 576. 
110-pounder, 572, 576, 577. 
100-ton, 630, 631. 
Schultz, 752, 753» 754, 755+ 75% 757, 758- 
Whitworth 7-inch B. L. R., 634. 
g-inch B. L. R., 642, 643, 644, 645. 
35-ton M. L. R., 634. 

4-pounder, 832. 

50-pounder, 832. 

6-inch, first all steel] manufactured in the United States, 815. 

6-inch, 80 cwt. B. L. R., 663. 

89 cwt. B. L. R., Mark IIL, 66s. 

8-inch, dismountable, 791, 792. 
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« 


Gun, 15-inch smoothbore, 532. 


B. L. R., wire, 63 tons, 681. 


Guns, all made under supervision of Army or Naval officers, 546. 





build in own factories, 536. 
built-up, 543, 574» 575; 579, $94, 664, 741, 745. 775, 315. 
cast-iron, hooped and tubed with steel, 540, 543, 732, 733) 737) 738 739 
754, 762, 82 
M. L. smoothbore, 538, 546, 731, 766, 797, 821 
rifled, 731, 797. 
character and number of, 538. 
coast, 707, 774, 793- 
construction of, 540, 543, 574, 575, 630, 632, 634, 662, 672, 673, 674, 675, 
676, 677, 678, 679, 680, 681, 682, 732, 742, 743, 744, 747), 
748, 752, 753» 754 755» 759 757» 758, 760, 764, 775, 778, 
800, $22, 823, 324, 825, $826, 827, $28, $54. 
converted rifles, 538, 546, 797, 815, 821. 
cost of, 756, 767, 779, 781, 833, 852. 
difficulty of manufacture in the United States, §33, 539, 540, 545, 853. 
field, 731, 774, 782, 788. 
high-power, 736, 737, 816, 854. 
machine, 543, 544, 668. 
mode!s for imitation, 531, 821, 868. 
modern, United States has no, 536, 537, 538, 546, 551, 854, 859, 868. 
mountain, 685, 705, 732, 763, 793- 
pivot, 763, 774- 
power of, 552, 769, 771, 773, 774, 775 
position, 731, 732. 
rapid-firing, 633, 736, 737. 
siege, 685, 731, 732, 774, 782, 788. 
standards for comparison, 531, 821, 868. 
steel, 540, 630, 632, 661, 662, 664, 685, 688, 690, 732, 736, 737, 740, 745, 
746, 766, 770, 788, 797, 798, 815, 816, 821, 822, 843. 
wire, 540, 557, 558, 564, 672, 673, 674, 675, 676, 677, 678, 679, 680, 681, 
682, 747, 752, 753. 754» 755» 756, 757, 758, 815, 821, 825, $26, $27, 
$28. 
Armstrong, 673, 674, 675, 676, 677, 678, 679, 680. 
without trunnions, 661. 
Armstrong, 538, 570, 571, 572, 573» 575» 579 577) 578, 630, 631, 669, 67 
74, 675, 676, 677, 678, 679, 680, 710, 711, 832, 835. 
Dahlgren, 531, 538, 797, 815, 821. 
180-pounder M. L. R., 3% 797, 815, 821. 
Krupp, 538, 759, 763, 764, 765, 766, 767, 769, 770, 771, 772, 773s 774» 775» 
776, 777, 778, 779 730, 788, 852. 
Parrott 40-pounder M. L. R., 538, 815. 
B. L. R., 538. 
8o0-pounder M. L. R., 538, 815. 
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Guns, Parrot, 80-pounder B. L. R., 538. 


10-inch, 815. 
Vavasseur, 662, 663, 664, 775. 
Woolwich, 591, 630, 632, 636, 645, 661, 666, 669, 670, 671, $35, 852. 
7-5-cent., 763. 
8.4-cent., 774. 
8.7-cent., 763, 774. 
10-cent., 726, 727, 740, 754, 755, 774- 
10.5-cent., 774. 
12-cent., 774. 
14-cent., 736, 740. 
15-cent., 763, 765, 769, 771, 773, 774, 775, 776, 778 
15.25-cent., 763. 
15.5-cent., 763. 
16-cent., 684, 736, 740. 
21-cent., 774. 
24-cent. (Model 1876), Army, 733, 754. 
24-cent., 774. 
26-cent., 774. 
27-cent., 736, 737, 740, 752. 
28-cent., 763, 774. 
30.§-cent., 767, 774. 
32-cent, (Model 1870) B. L. R., 711, 736, 737, 738 


35-5-cent., 774- 
37-cent., 736, 740, 742, 745, 746. 

40-cent., 763, 767, 774, 778. 

42-cent., 684, 693, 736, 740, 745, 746. 

45-cent., 710, 711. 

46-cent., 778. 

4-inch, 662. 

5-inch, 662, 797, 815, 822. 

6-inch, 567, 661, 662, 785, 787, 788, 793, 797, 815, 822, 523, 825, $26, 832 
8-inch, 558, 560, 662, 782, 785, 787, 793, 821, 822, $24, 825, $27, $28, 832 
g-inch, 642, 643, 644, 645, 785, 787, 790, 793 

9.2-inch, 662, $32. 

10-inch, 661, 797, 821, 822. 

10-inch, M. L. R., 662. 

10.2-inch, 661, 832. 

12-inch, 785, 787, 788, 793, 796. 

12-inch, 540, 632, 636, 661, 671, 785, 787, 788, 739, 793, 832, 857. 
13-inch, 661. 

13.5-inch, 632, 661, 832. 

14-inch, 766. 

16-inch, 767, 792, 832. 

17-inch, 832- 
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Guns, 65-millimetre, 736, 740. 
8o0-millimetre, 685, 732, 752. 
go-millimetre, 685, 732, 739 740. 
g5-millimetre, 732. 
120-millimetre, 685, 732. 
155-millimetre, 685, 732, 752. 
190-millimetre, 685, 732, 736. 
240-millimetre, 685, 732, 736, 749, 742, 743» 744, 852. 


11 4-ton, 662, 832. 
18-ton, 662, 832. 
21-ton, 673, 678, 679, 680. 
26-ton, 661, 832. 
35-ton, 634. 
38-ton, 661. 
43-ton, 632, 661, 671, $32. 
50-ton, 766. 
62-ton, 632, 661, 832. 
63-ton, 681. 
72-ton, 736, 740, 742, 745, 746. 
75-ton, 684, 693, 736, 740, 745, 746. 
80-ton, 624, 645, 792, 832. 
100-ton, 532, 556, 622, 630, 631, 646, 647, 669, 705, 710, 711, 740, 832, 835, 
857, 860. 
110-ton, $32, 833. 
121-ton, 767. 
160-ton, 688. 
wire, 10-cent., 754, 755, 758. 
34-cent., 752, 753) 754» 755, 756. 
6-inch, 673, 680. 
10.2-inch, 673, 678, 679, 680. 
Hale, Senator Eugene, 545, 550, 551, 855, 856, 857, 858, 859, 860, 861, 862. 
Hammers, steam, 539, 549, 545, 549 552, $54, 55 557, 558, 559, 564, 569, 580, 
582, 583, 589, 591, 592, 604, 605, 614, 632, 685, 691, 694, 695, 
697, 698, 699, 700, 701, 702, 703, 704, 705, 708, 713, 714, 715, 
731, 767, 768, 769, 783, 784, 785, 786, 787, 788, 789, 800, 806, 
813, 814, 818, 833, 846, 849, 851, 857, 859, 867. 
Aboukhoff, 783, 784, 785, 787. 
Bourges, 68s. 
Brown, 605. 
Cammell, 614. 
Condie, 806. 


cost of, 549, 554, 557, 564, $92, 691, 767, 7 

Creusot, 691, 695, 697, 698, 699, 700, 701, 702, 703, 704, 705, 708. 
Elswick, 582, 583. 

Firth, 604. 

Marrell, 691. 
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Hammers, Morrison, 78s. 
Nasmyth, 785. 
Sellers, 806, 814. 
St. Chamond, 691. 
United States, 800. 
heaviest in, 800. 
Vickers, 605. 
Woolwich, 591, 592. 
80-Ton, 691, 695, 698, 699, 700, 701, 702, 703, 704. 
1co-Ton, 691, 697, 703, 704, 708. 
Hand-gearing, 588. 
Hardness, 604, 741, 784, 814. 
Harmet, Mr., 741. 
Harris, Hon. B. W., 537, 539, 543) 544: 
“ Hasty Notes relating to Military Engineering in Europe,” 686. 
Havre, 684. 
Hearths, rotary, 691, 692, 7 
Fleating furnaces. (See eieiiens 
Heavy ordnance, advance of, 543. 
Board, §40, 542. 
manufacture of, 554, 558, 559. 
Hematite, 655, 657, 658. 
Henderson, Mr., 724, 725. 
Henrietta, Pa., 802, 809, 811. 
Hime, Major, 646. 
Hiscock, Hon, F., difficulty to procure gun-steel, 539. 
Hoasenfratz, 688. 
Holley, A. L., 656, 729, 770, 817. 
Hollidaysburg, 801, 802, 808, 809, 811. 
Holza, Jacob and Co., 684. 
Homogeneity, 562, 563, 574, 575, 576, 589, 633, 725, 726, 729, 784, 785. 
Honey-combing, 650. 
Hoods, 655. 
Hook’s joints, 700. 
Hoops, 560, 561, 562, 563, 564, 565, 584, 593, 594, 595, 605, 630, 634, 641, 642, 
661, 662, 664, 666, 673, 680, 691, 711, 713, 714, 715, 724, 725, 726, 727) 
728, 729, 732, 735+ 739 749, 742, 745, 747, 748, 750, 7 55> 775» 777s 
782, 786, 787, 788, 792, 793, 800, 815, 821, 822, 82s, 82 31, 83 2, $36, 
837, 838, 858. 
dimensions of, 563, 605, 725, 727, 745- 
fabrication of, 711, 713, 714. 


= 
/ 
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g 


54, 
28, 





trunnion. (See Trunnion-hoops.) 
Hospitals, 707, 769. 
Hotchkiss, Mr., 633, 732, 739. 
rapid-firing guns, 633, 736, 737. 
revolving cannon, 633, 685, 732, 734, 730. 
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Howitzer, 6.3-inch wire, M. L., 680. 
10-inch wire, B. L., 681. 
Hulze and Co., 60s. 
Hunt, Wm. P., 541, 566, 799. 
Hydraulic capstan, 586, 588. 
carriages, 595, 596, 597, 598, 599, 600, 601, 682, 793, 794, 795, 796. 
casting-press, 638, 639, 831, 846. 
cranes, 580, 582, 583, 584, 585, 586, 587, 654, 689, 696, 804, 829, 830. 
Spezia, 580, 586, 587. 
forging, 558, 569, 632. 
-press, 639, 640, rs 642, 829, 830, 831, 833. 
press, 540, 558, 584, 605, 632, i 638, 639, 64¢, 641, 642, 705, 716, 
713, 807, 819, 820, 829, 830, 831, 833, 846, 849, 851, 859, 863. 
riveter, 580, 583, 705. 
shears, 582, 586. 
system at Elswick, 58s. 
Implements, cost of, 554, 557, 569. 
Impression-takers, 594. 
Inclined casemates, 532 
Indomptable, 740. 
“Industrial Germany,” 768. 
Industries, collateral, 801, 810. 
private, 540, 549, 550, 683, 684, 685, 689, 690, 843, 844, 845, 850, 851, 
856, 859, 860, 861, 868. 
Inferior ores, 658. 
Inflexible, 532. 
Ingenuity of manufacturers, 533 
Ingots, dimensions of, 561, 591, 708, Soo. 
requisites of, 561. 
weights of, 691, 693, 695, 696, 697, 700, 708, 745, 766, 767, 770, 783, 787, 
800, 803, 805, 818, 829, 830, 832, 863. 
Installation, 764. 
Introduction, 531. 
“Tron,” 803. 
Ironclads, 532, 533, 538, 854. 
Iron mines, 695, 766, 768, 786, 800. 
and Steel Institute, 649, 725, 726. 
Isére, 695. 
Italia, 532, 622, 623, 709, 710. 
armor for, tests, 622, 623. 
Militare,”’ -~ 
Italy, 543, 622, 709, 767, 779, 832, 836. 
Iznoskof, 781. 
Jackets, 557, 558, 560, 561, 584, 595, 630, 661, 662, 664, 666, 669, 674, 678, 680, 
O81, 082, 714, 742, 745» 752 755» 75% 758, 775, 786, 791, 792, 793, 815, 
822, 825, 828, 831, 832, 836, 838, 858. 
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Jackets, broken, 555, 681, 822. 
dimensions of, 745, 755, 822, 825. 
Jaques, Lieutenant W. H., U. S. N., 553, 710, 853. 
Johastown, Pa., 769, 800, 801, 802, 803, 804, 805, 806, 807, 808, 809, 810, 8:1, 
812, $13. 
Joint action, 569, 570, 576, 578, 579, 689, 690, 780, 781, 849, 851, 856, 860, 862, 
Jouffry, 691. 
Kama, 781. 
Kelley converter, 804. 
Kennedy, Mr., 583. 
Kilogramme, 622. 
Kilogrammetre, 703. 
Kirkaldy testing-machine, 836. 
Koenig Wilhelm, 771. 
Kolokoltzoff, Admiral, 780, 784, 790. 
Kouprianoff, Admiral, 796. 
Krupp, Fried., 543, 548, 554, 561, 574, 646, 647, 759, 760, 761, 762, 763, 764, 76s, 
766, 767, 768, 769, 770, 777, 778, 779, 780, 788, 842. 

Krupp development, 778. 

fermeture, 775, 777, 778, 793- 

guns. (See Guns.) 

power of, 774. 

3-pounder, 766. 

6-pounder, 766. 

12-pounder, 766. 

hammers, 767, 769. 

50-ton, 767, 769. 
steel, 562. 
washing furnace (dephosphorization process), 770, 771, 772, 773, 80 
$16, 817. 
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works, description of, 767, 768. 
Labor, skilled, 865, 866. 
Laboratories, 579, 685, 688, 768, 779, 784, 804, 813, 814. 
Ladle-cranes, 654, 655, 803, 804. 
Ladles, 654, 655, 697, 772, 773, 817, 818, 830, 831. 
Lambert, 580. 
Lamés, 732. 
Lathes, 556, 583, 554, 593, 594, 605, 606, 680, 689, 691, 705, 748, 786, 806, 807, 
814, 831, 832, 836, 837, 838. 
Leeds, 605, 829, 833, 834. 
Lepanto, 532. 
Letter—Cambria Iron Co., reply to circular letter of Gun Foundry Board, 845, 
846, 847, 848, 849. 
Chief of Ordnance, Navy Department, views on providing heavy guns, 
548, 549, 557, 558. 
relating to manufacturers’ facilities for manufac- 
turing parts of 8-inch guns, 560. 
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Letter—Chief of Ordnance War Department, endorsing letters asking Govern- 
ment aid, 539, 540. 
views on providing heavy guns, 556. 
to steel manufacturers in regard to requisite -ma- 
terial, 565. 
Gun Foundry Board, submitting report, 554. 
to steel manufacturers in regard to development 
of plant, 558. 
to South Boston Iron Co. and West Point Foun- 
dry in regard to development of plant, 559. 
requesting permission to visit Essen, 760. 
declining invitation to visit Meppen, 761, 762. 
declining series of experiments at Meppen, 763. 
764. 
Heavy Ordnance Board, concurring in Chief of Ordnance, War De- 
partment, endorsement of letters asking Government aid, 542, 543- 
Krupp, acknowledging receipt of request to visit Essen and refusing 
same, 760, 
offering series of experiments at Meppen, 762, 763. 
Midvale Steel Co., reply to circular letter, 567. 
Naylor & Co., reply to circular letter, 565. 
Park, Bro. & Co., reply to circular letter, 566, 567. 
Pittsburgh Steel Works, reply to circular letter, 566, 567. 
The President, constituting Gun Foundry Board, 553. 
Schneider & Co., relating to armor-tests, 709, 710. 
Secretary of Navy, forwarding communications from Chief of Ord- 
nance, Navy Department, South Boston Iron Co. and West Point 
Foundry, 545, 549, 550°. 
South Boston Iron Works, asking Government aid, 541. 
reply to circular letter, 566, 798, 799. 
Springfield Iron Co., reply to circular letter, 568. 
West Point Foundry, asking Government aid, 541, 542. 
reply to circular letter, 799. 
Levitsky, Lieutenant Michael, 783. 
Libraries, 812. 
Liege, 732. 
Lighting, 839, 840, 841. 
Lime, 771, 772, 773, 809, 810. 
Limestone, magnesian, 655, 656. 
Limit, elastic. (See Elastic.) 
Lining tubes, 666, 669, 747, 782, 788, 789, 790, 791, 792, 793. 
Liquid compression. (See Compression.) 
Lithographic establishment, 768. 
Loading-tube, 778, 793. 
Local interests, 851, 867. 
Locomotive-crane, 77 3- 
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Locomotives, 582, 654, 655, 694, 696, 705, 706, 768, 784, 808, S10 
Logan, Senator J. A., 535, 552- 
Loire, 684, 693, 695, 696, 724. 
London Engineer, 626, 642, 698. 

Engineering, 652, 782, 817. 

Ordnance Works, 595. 

Times, 645. 
Longpendu, 695. 
Longridge, James A., 672, 754. 
Longsdon, Alfred, 759, 760, 761, 762, 763. 
Louis XVL., 694. 
Luiz, 706. 
Lyman-Haskell multicharge gun, 815. 
Machine-guns, 543, 544, 668. 
Machining, 547, $57, 585, 666, 685, 705, 783, 843, 859, 868. 
Magazines, 706, 779. 
Magnesian limestone, 655, 656. 
Magnetic ore, 784, 786. 
Maillard, Colonel, 715. 

testing-machine, 592, 685, 715, 716, 717, 718, 719, 720, 721, 
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advantages of, 722. 
Maitland, Colonel, 591, 605, 664. 
Manby- Wilson Co., 694. 
Manchester, Eng., 595, 602, 605, 632, 633, 637, 642, 653, 829, 833, 839. 
Mandrels, 583, 640, 641, 642, 711, 713, 714, 715, 786, 831. 
Manganese, 610, 649, 657, 658, 724, 725, 726, 729, 730, 771, 772, 754, Sto 
Manganiferous ores, 602. 
Manometer, 716, 717, 718, 719, 721, 722. 
Manufacture, condition of steel in England, 602. 
France, 690. 
Germany, 770. 
Russia, 786. 
United States, 800. 
Manufacturers, competition among, 533, 684. 
ingenuity of, 533. 
steel, of England, 595, 602. 
France, 684, 690, 724 
Germany, 765. 
Russia, 781. 
United States, 558, 559, 560, 564, 565, 566, 567, 508, 
800, 844, 845, 852, 856, 861, 862, 867, $68. 
Marine Artillery (France), 688, 735, 737, 740. 
Marre! Brothers, 684, 690, 691. 
hammers, 691. 
Material, gun, 662, 664, 6go. 
accepted. (See Gun-material.) 
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Matthews, Captain E. O., U.S. N., 553, 853. 
Mazenay, 695, 706. 

McCook, Hon. Anson G., 534. 
McPherson, Senator, 535, 55°, 551, 552. 
Measuring, 666. 

Mechanical agitator, Allen’s, 649, 650, 651. 
“Mechanics,” 821. 

“ Mechanics’ Magazine,” 580. 

Medical attendance, 707, 812. 
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“Mémoires Mil. et Scientifique, Depart. de la Marine, Frangaise,’ 


” 


“Memorial de Artilleria, 
Mendenhall, Major J., 543. 
Menominee Iron range, Michigan, 807. 
Meppen, 646, 761, 763, 764, 768, 774, 779. 
“Metallurgy of Iron,’’ Chase’s, 602. 
Metre, 703. 

-tonne, 621. 
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Micrometers, 594, 716. 
Middlesbrough, 652. 
Middleton, 689. 
Midvale Steel Co., 560, 567, 797, 800, 813, 814, 815, 816, 8:8, 822. 
Milling-machines, 589, 594, 836, 837, 838. 
Mines—Bennington Slope, 808. 
3enshoofs, 809. 
Conemaugh, 808. 
Cushon and Lower Gautier, 808. 
Frankstown, 809. 
Henrietta, S09. 
Menominee, 809, 813. 
Michigan, 809. 
Morrell & Wheeler Slope, 808. 
Rolling-mill, 808. 
Springfield, 809. 
Woodvale, 808. 
Ministry of Marine, 735, 780, 783. 
Missiessy, 706. 
Mitchell, 580, 846. 
Modern cannon, fabrication of, 534- 
ordnance, 537. 
providing. (See Ordnance.) 
Moncrieff, Major, 793. 
Monitors, 532, 537, 854- 
Montalembert, Marquis of, 687. 
Montaud, 695. 
Montchanin, 695. 
Montlucon, 684. 
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Moral protection, 533. 

Morrell, S11. 

Morrell, Wood & Co., 8o1. 

Morrison hammer, 785s. 

Mortars, 560, 563, 565, 685, 732, 763, 765, 774, 782, 791, 792, 815, 821. 

dismountable, 791, 792. 
rifled, 685, 732, 765. 

220 millimetre, 685, 732. 
15 cent., 763. 
g-inch, 782, 791. 
12-inch, 560, 565, 815, S21. 

Moulds, earthen, 687, 688, 726. 

iron, 604, 620, 697, 711, 727, 785. 
steel, 637, 638, 639, 697, 711, 831. 
Whitworth, 637, 638, 639, 831. 

Mouze, 688. 

Muggiano formula, 710, 711. 

Mutual Benefit Association, 812. 

Muzzle-loading, 537, 548, 574, 576, 589, 622, 631, 634, 660, 661, 662, 668, 669, 

710, 747- 

Narjes, 771. 

Nashua Iron and Steel Co., 818. 

Nasmyth, 591, 785. 

hammer, 785. 
Wilson & Co., 591. 

Naval Advisory Board, 544, 860, 561. 
Appropriation Bill. (See Appropriation.) 
Committee, House, 537. 

Experimental battery, $22. 
Navy Yards, 538, 554, 555, 556, 797, 815, 818, 822, 828, 849, 850, 86s. 
Washington, D. C., 556, 797. 
Naylor, 583. 
& Co., 560, 565. 

Neuwied, 768. 

Neva, 783. 

Nevers, 683, 687. 

Neviansk, 78s. 

Newburgh, N. Y., 632. 

Newcastle, Duke of, 570. 

Niévre, 695. 

Noble, Captain, R. A., 579. 

Norway Iron and Steel Works, 560, 565. 

Notes on Construction of Ordnance, War Department, 729, 783, 790. 

Obturateur, 750. 

Occluded gases, 650. 

Ocean freight, 852, 857, 859. 
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Ochta, 796. 
Oil lamps, 707. 
Colza, 693. 
tempering. (See Tempering.) 
well, 584, 708, 715. 
Old Fort Iron Mills, 818. 
Open-hearth furnaces. (See Furnaces.) 
process, 664, 691, 715, 790. 
steel. (See Steel.) 
Ordnance Board, Army, 633, 660. 
breech-loading rifled, 532, 537, 572, 634, 766. 
Bureau of, Army, 800, 815, 846. 
Navy, 548, 560, 800, 815, 822, 823, 824, 825, 826, 827, 846. 
designs for construction, 822, 823, 824, 825, 826, 827, 
828. 
Chief of, Army, 540, 546, 557, 558, 559, 560, 565, 819, 867. 
Navy, 548, 549, 556, 558, 560, 821, 854, 867. 
development of, 543. 
heavy, advance of, 543-. 
manufacture of, 554, 558, 559- 
modern, need of, 537. 
officers, American, opinions of, 535, 540. 
providing modern, 531, 532, 54°, 548, 549, 556, 557, 829, 867. 
purchase abroad, 551, 852. 
Report of Chief of, Army, 819. 
Ores, 583, 602, 652, 658, 660, 696, 715, 766, 768, 770, 786, 787, 801, 807, 809, S10, 
816, 848. 
Otis Iron and Steel Co., 560. 
Ovens, 696, 801, 807, 808. 
Palliser, 623, 624, 741. 
shell, 624. 
shot, 624. 
Paris, 684, 686, 689, 698, 710, 711, 723, 726, 833- 
Park, Brother & Co., 560, 565, 567, S00, 818. 
Parker, Major F. H., 543. 
Parrott guns, 538, 515. 
Partnership between Government and private firms, 547, 780, 842, 843, 851, 856, 
867, 868. 
Patronage, Government. (See Government.) 
Paulding, G., 799. 
Kemble & Co., 542, 565. 
Penetration tests, 722, 737. 
Pennsylvania Railroad, 801, 810, 811, 847, 565. 
Steel Co., 818. 
Perm, 698, 699, 781, 783, 786. 
Permanent set, 719, 735. 
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Pernot, 691, 817. 

furnaces. (See Furnaces.) 

rotary-hearth, 691, 692. 
Perreuil, 694, 695. 
Perrier, 688. 
Personnel, 706, 768, 769, 784, 846, 848. 
* Peter the Great,”’ 787. 
Philadelphia, 800, 813. 

and Reading Railroad, 813. 
Phoenix Iron Co., 545, 797- 
Phosphor-bronze, 674, 678 
Phosphoric ores, 652, 660. 
Phosphorus, 654, 657, 658, 724, 725, 77%) 772) 773» 817- 
elimination of, in Bessemer converter, 654, 773, 817- 
*hotographic establishment, 768. 
Physical qualities of forgings. (See Forgings. ) 
Pig-beds, 654, 772, 773- 
-iron, 652, 659, 696, 729, 766, 771, 772, 817, 848. 
Pit-casting. (See Casting.) 
Pitman, Captain J., U. S. A., 819. 
Pittsburgh, Pa., 632, 801, 810, 847. 
Steel Works, 566. 
Pivot-guns. (See Guns.) 
Planing, 705. 
machines, 589, 594, 606, 806, 807. 

Plants, cost of, 569, 701, 798, 847, 868. 

development of, 533, 547, 568, 781, 733, 797, 849, 856, 867, 868. 
Polygons, 706, 796, 815, 866. 
“ Popoff,” 787, 793- 
Porter, Robt. P., 768. 
Potter, 580. 
Potter, J. F., 766. 
Pourcel, 725, 729. 
Poutiloff, Arpe &, 784. 


Powder, 532, 535» 543+ 572; 573» 622, 623, 624, 737, 745» 745, 754) 755» 775 


788, 790. 
Power, hydraulic, 585, 588. 
of guns, 552. 
protective, 709. 
resisting, of vessels, 552. 
Pre-heating, 729, 773- 
President, The, 553, 558, 559, 764, 825, 857, 861, 563. 
Press, hydraulic. (See Hydraulic.) 
casting. (See Hydraulic.) 
forging. (See Hydraulic.) 
Pressing, 608, 610, 615. 
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Pressures, 578, 643, 662, 666, 678, 696, 699, 701, 703, 70 


22, 720, 732, 739, 741, 750, 
794, 795, 796, 806, 519, 820. 


Price, Mr., 591. 

Price’s retort furnace, 589, 590, 591. 
Prieger, Oscar, 724. 

Printing-office, 768. 

Private industries. (See Industries.) 


Projectiles, 535) 541, 543, 545, 561, 573+ 575» 
643, 645, 646, 647, 661, 662, 678, 694, 7 710, 711, 724, 739 737» 74%, 


793, 797, 769, 7 775) 77 


745, 747, 748, 754) 755» 


79% 792, 793, O15. 
chilled, 622, 646, 647, 778. 


Terre Noire, 646. 


752, 754s 


Whitworth, 636, 643, 645, 646, 647. 


Proof-carriage, 594. 


Providing heavy ordnance, 533, 556, 557- 


Proving, 594, 779- 


755s 
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= 


75 


, 788, 


gd may 719, 7 
79°, 79%, 


626, 634, 636, 642, 


grounds, 685, 706, 711, 761, 763, 764, 768, 779, 796, 865, 868. 


Prussia, 760, 761, 762, 768. 

Puddled steel. (See Steel.) 
Puddling furnaces. (See Furnaces.) 
Pullman, 769. 

Pumps, 804, 806, 811, 812, 813, 815. 
Puteaux, 683, 685. 

Puy-de-déme, 695. 

Pyrometer, 593- 


Qualities, physical, of forgings. (See Forgings.) 


Kadial machines, 589, 594. 
Rail-mill, 568. 


Rails, 650, 652, 653, 655, 659, 696, 713, 725, 726, 730, 7 


848. 


Railways, 695, 696, 699, 705, 706, 765, 768, 783, 806, 810, 816, 830 


Range, 574. 
Rapid-firing guns, 633, 736, 737. 


Razkazoff gun-carriages, 793, 794, 795, 796. 


Reading Iron Works, 545, 797. 


Recoil, 572, 573, 600, 688, 736, 737, 795, 820. 


Red-shortening, 658. 


Refractory material, 602, 603, 604, 614, 617, 620, 


831. 


Regenerative furnace. (See Furnace.) 


Regenerators, 626, 627, 629, 771, 782, 817. 


Rendel, Mr., 579. 
Rennie, 700. 


“Report of Getty Board on Heavy Ordnance and Projectiles—1882,” 
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Sor, 505, S1o, $16, 


30, 8 


40. 


Soo. 


778, 779) 7 78 2, 76 84, 


26, 629, 647, 659, 771, 782, 
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Requin, 740. 
Requisites of gun factory plant, 555. 
Reservoirs, 707. 
Resistance, 563, 564, 739, 755, 756. 
Resources, immense, 533- 
Re-tubing, 666. 
Reverberatory furnaces. (See Furnaces.) 
Revolving-cannon. (See Cannon.) 
Revue d’Artillerie, 711. 
Maritime et Coloniale, 754. 
Reward for past services, 546, 547- 
Rhenish Prussia, 760, 761, 762. 
Rhine, 765. 
Rhone, 693, 694. 
“ Riachuelo,” 642. 
Richards, E. Windsor, 652, 653, 654, 658, 659, 660. 
Ridgely, C., 568. 
Rifling, 548, 572, 573, 574, 575, 576, 585, 594, 635, 636, 642, 643, 670, 671, OS9, 
795, 735+ 737+ 7415 744» 752+ 777+ 778; 79% 793, 825, 833, 836, 337. 
hexagonal, 575, 635, 636, 642, 643, 670. 
machines, 594, 689, 705, 833, 836, 837. 
polygonal, 575, 576, 635, 636, 642, 643, 670 
polygroove, 585, 643, 670, 752. 
Rins¢on, 707. 
Rive-de-Gier (Loire), 684, 690, 691, 732. 
River Don Works, 605. 
“ Rivista Marittima,”’ 710. 
Riveter, hydraulic, 580, 583, 705. 
Roanne, 694. 
Roanoke frigate, 532. 
Robeson, Hon. G. M., 536. 
Rochefost, 688. 
Rodman gauges, 792. 
guns, 53%, 815, S21. 
Rods, longitudinal, 674. 
Rolling-mills, 563, 568, 700, 768, 800, So1, 802, 803, 813, 814, 818, 848. 
Rolls, 563, 564, 568, 605, 606, 608, 610, 612, 614, 615, 617, 619, 620, 664, 697, 700, 
711, 713, 724, 768, 800, 801, 802, 803, 805, 806, 813, 814, 816, 817, $18, 848. 
Roofs, 698, 783, 802, 803, 839, 840, 841. 
Rotary furnaces. (See Furnaces.) 
hearths, 691, 692, 770. 
Rotating-rings, 670, 671, 752, 778. 
Vavasseur, 670, 671. 
Rotation, 548, 574, 575, 636, 643, 670, 672, 741, 778. 
Royal Artillery Institution, 646. 
Engineers, 623. 
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Royal gun-factories. (See Gun-factories.) 
United Service Institution, 646. 
Ruelle, 683, 686, 687, 688, 689, 732, 739, 840. 
Rupture, 563, 564, 727, 725, 739, 747, 754- 
elongation at, 563, 735-. 
resistance at, 563, 564. 
Russia, 633, 732, 765, 780, 835, 842, 843, 846. 
Russian Artillery Gun Factory, 782. 
ores, 602. 
Saint Sernin, 707. 
Sandy Hook, N. J., 865, 866. 
Sadne, 693, 694, 695, 705. 
Satkin, Youresan and Serebriansk, 784. 
Savoie, 695. 
Sayn, 7608. 
Schneider, Adolphe, 694. 
Brothers & Co., 694. 
Eugene, 693, 694. 
Henri, 693, 698, 703. 
& Co., 684, 689, 691. 
-steel, 640. 
& Co., 694, 695, 698, 699, 701, 704, 706, 707, 710, 711, 715, 723. 
School of Arts and Trades at Aix, 707. 
Schools, 707, 769, 812. 
752+ 753» 754» 755» 75% 757, 758. 
“BUN, 752, 753» 754» 755» 759, 757, 758: 


Screw-fermeture, interrupted, 642, 661, 666, 748, 749, 793, 322, 828. 


Schultz, Captain Emile, 747, 


slotted, 669, 749. 
Sebert, Colonel, 737. 
Secretary of the Navy, 538, 548, 549, 55°, 559, 854, 860, 861, 862. 
War, 555, 556, 862. 

Sellers hammer, 806, 814. 

Wm., 567. 
Serebriansk, 784. 
Shafting, 784, 805, 846. 
Shafts, 695. 
Shanks, Thos. & Co., 606. 
Shaping-machines, 589, 594, 506, 836. 
Shearing-machine, 655. 
Shears, hydraulic, 582, 586. 
Sheffield, 595, 602, 604, 605, 622, 630, 632, 633, 647, 659, 684, 750. 
Shell, Gregorini, 622. 

Palliser, 624. 
Shells, steel, 642, 643, 645, 646, 72 
Shields, 599, 600, 623, 646, 737, 763- 
Ships-of-the-line, 694. 
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Ships, wooden, United States led the world, 532. 

Ship-yard, 705. 

Shock-test, 584. 

Shoeburyness, 573, 622, 623, 624, 646. 

Shops, 582, 583, 605, 633, 653, 685, 686, 691, 693, 695, 705, 706, 725, 764, 768 
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dimensions of, 564, 742, 745, 755» 790 791, 815, 822, 825. 
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828. 

advantages of, 681. 
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